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H (54) Title: PLANT PRODUCING HYALURONIC ACID 
< 

^ (54)^^o«^: tr;up>iiiM 

1/^ (57) Abstract: A method of synthesizing hyaluronic acid which comprises: (1) the step of transforming a plant cell or a plant by (i) a 
DNA encoding hyaluronate synthase, or (ii) a DNA encoding a polypeptide that has an amino acid sequence derived from the amino 

^ aci d sequence of hyaluronic acid synthase by deletion, substitution, addition or insertion of one or more amino acids and having an 
activity of synthesizing hyaluronic acid; (2) the step of growing the transformant obtained by the transformation; and (3) the step of 

*£) separating the hyaluronic acid thus produced. 

r«l(57)^:^^|J % (1) (j) tTJUn>^J5£^D5$zi-K-r^DNAXfi (i i) 1 7 JUP >M^fmfk<T>T 

»i*^4tt*xii, (3) ±g£**:fc7;up>lS£#J&*-£x*i£;frr£K tT;up>^<3D^^ic||-r^ 0 
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mm® 

—m>!m&m^ mn&mxi-mz s M^m-^zt^x^-r^ 

fcTA-D>^£ % 1934 Meyer t Palmer ^Wm<Dmi^^WMUt^V=^/^ 
V%^(J^£m)X*&&Meyer, K and Palmer, J. W. (1934) J. Biol Chem, 107, 629-634)„ $&>te x 
15 COfeK^^n^.i^N^^/l,;//^-^^ j3-l,3fcW^-l,4^Ufc^W<^^igL 
TO^i~5tiB^#^$^t^Lfc(Weissinan, B. and Meyer, K (1954) J. Am. Chem. 
Scc,76,1753-1757) 0 

t<Mk. 1950~1960 tT/vo^^^teiMt-^&jSApjg^ffi^v^cS 
^fflj?&m^lcJ:!?^Tt)tu ^T^ui^mk^m&V^-h' ■Vi£tt-7)V^^$XY, UDP- 
20 ^i^o^Sfctt UDP-GlcA ^ST^sfeS) ^.tt^y^V-s' -^Jv^-N-T-fe^^/vri-^ 
UDP-N-T-fe^/^i^1^>*7t{i UDP<HcNAc irT-STfe^feS) ©2fHgG9tf5^u 

(Markovitz, M, Ci&nelli, J. A and Dorfinan, A. (1959) J. BioL Chem., 234, 2343-2350X 

25 !TC^fc^^l993^(C N ^^©tT/Vn>^^^^KA^s^^^ 

(DeAngelis, P. L., Papaconstantinou, J. and WeigeL P. H. (1993) J. BioL Chem, 268, 14568- 
14571), ZtllZm. Mm±^(DhT^lym^^M^^(D^u-^^m^^mtano, N. 
and Kmata, K (1996) J. Biol Chem., 271, 9875-9878 Itano, N. and Kimata, K (1996) Biochem 
Biophys. Res. Commun, 222, 816-820; Spicer, A P., Augustine, M L. andMcDonald, J. A 

30 (1996) J. BioL Chem, 271, 23400-23406; Spicer, A P., Olson, J. S. andMcDonald, J. A (1997) J. 
BioL Chem, 272, 8957-8961; Shyjan AM, Heldin, P., Butcher E. C, YosbinoT. andBriskin, M 
J. (1998) J. BioL Chem., 271, 23395-23399; Watanabe, K and Yamagucbi Y. (1996) J. BioL 
Chem, 271, 22945-22948), £bf ^m\yy^jV^ PBCV-lCDeAngelis, P. L, Jing, W. Graves, 
M V., Burbank, D. E. and vam Etten, J. L (1998) Science, 278, 1800-1804)^/^^1^ -bJV 

35 H^&M)eAngelis, P. L, Jing, W. Drake, R R and Achyuthan, A M (1998) J. BioL Chem, 
273, 8454-8458)Ob:T^n>^^^t^^S^ J ttJ$tU Wm&mmmmW^bt^XD 

ztib<Dmz<vmmhm^ ^T^u^<D^m<D^mmmm^. 
40 mm$&<Dmm>mmm3mffim?k mm±^mmmm\c&m&tix^z> B 
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STOfcfettfck ^^T-^^^^l^^^i^CPetrides.D .etaL(1995) 
BiotecroLBioeng.,48,529),, */c, f&*UH*>H«^%TS£m-Si§^ ^KHHX^DjSA 

15 et aL (2000) Nat BiotecnoL, 18, 1151-1155; Daniel KLetaL (2001) Trends Plant ScL, 6k 219-226) % 

tt^;<#m^mmi&ntd-& vn&m^tc mztz *;*=#mm& by-2 -c^u^ptk 

^S%$m&£k& in vivo X*£mm&mit&^tcMte¥&$>5> (Mateumoto, S. et aL 
(1995) Plant MoL BioL, 27, 1163-1172) 0 

mpTw>vm£mbi,x, tf** # w-^^b-^^^^^^Biis by-2 mg 

25 ALfdfc£jfl, *£fe&»&#&L/CV ^^^®<D*^JC^l{C /3 1,4 m&W?\~-Z&llfe 
&£fc$ftfed3&5 (Palacpac, N. Q. et aL (1999) Proc. NatL Acad ScL USA, 96, 4692-4697) 0 U>>U 

feS^l^Ufc^ 14-18 ^W^flefcJBfifcU kT/V-n>m^J5g|^gtttC^r5r 
35 ^^^tLTV\5(Tlapak-Siinmons,V.K(l999) J. BioL Chem., 274, 4239-4245) 0 ^<DJ;5(C X 
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5 

mm, \fTA*x=#—WE&mo hplc <o^m^^r 0 
m2\t s et-pcr <DEomi<DTtfv—xmMmh<Dfam^i-o 

15 SiClgofco 

mi. (1) (D fcT/Voy^-^^^n— Kf 5 DNA Xf* (ii) tT/VK^^gf^T^^ 

9.2. (1) (OtT/Vn^^^^^— Kt-5DNAXf4(u)tT/Vn>^fig^OT5ygSa 
^^^■t-S^-^/^K^^w-K-rs DNA Sr^tp|§mffllim^-^^-^fflV ^TWfoW&& 

*I3. (0 tT/Vn^^-^^^— DNA Xf*(ii)tT/l-n>^a-^^(^T$y^ia?iJ 

stt^-r^Ku-^^K^-K-r 5 dna frst&mimm^*—^ ^xmmmm 

m.4. (OtT/^n>^^^^— Kf 5 DNAXfiCiOtT/U-n^i^j^^roTSy^a^iJ 

35 ^5. 3§TO®fei-^-;a5 % (i) (i)tT^n>^-^^^=i-Ki-J5 DNA Xfi(ii) tTA-n 
A^J.okT/i^n^^^gtt^-t-STKy^^K^^-K-t-S DNA ^.U«(2)^'b'#M6!)X 
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56. ^T/vxi>m^^^i^mMo^m^m^^m^r/^>m^^mx^, 51 

5 ^8. © tT^n>^$^&3-Ki-5 DNA Xtt G0fcT/Ma>^$g^<DT:^BE?lJ 
S^^f-^^^-H^— KTS DNA 3rat^^i£Bm^^-£fflv ^xmMf&TM 

510. m-mm. m-mm, ^ym^Rxj^mm^m^^m^^ *rti 
15 f>*mm^&z.m^im<mmmmfo^ 

5n. aTOu^5^^c5s^^fiH5iaxtt2 
20 512. *amt>K mm, mm. *i®mm^m^m*>bmimzmxi-3m^ 

513. mWSffim-^Z-tK (D©tT/Vn>«^-^^^=i-Kf-5DNAX«(ii)fc:T/V 
25 ^A$tbaofcT/VnV^^^^^7KlJ^^K^3-Ki-5 DNA^(2)^'g-#^ 

514. (Otr^Di^^^^^-K-t-S DNAXfi(ii)tT/Vn>^^^OT5y^g^iJ 
30 tOSVvc l^t<fi»^cOT$y^S^ ^P^Uf4#A^5.ofcT/Vn>^^ 

515. ©fcT/U-cC^-j&ll^&a— K-f5 DNAXfi(ii)tT/Vo>^-^!)c^OT5y^iBJiJ 

35 m&mir&ify^^h^— k-t-5 dna ^ts^mffl M*.-<^-£/Bv ^xmmpmn 

516. tT/Wp^m^^^^^g^^^xf^^^^^t^c,^^^^^^ 
8Xf414(eH^fecD^|C^|^MJa 
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9~13, 15©v ^ti^4J:i2^<^®^ffi^Xf4^t^l^mM^^^^Xttmb(^ 

5 mzmzmmmmm,, 

3119. tT/Vn>^j^^^^pl^^l^S^r/Vn>^-fig^-c?fc5, J®9~13, 15 

^8^f4l4{J:|Q^(^®^^t^«^VN(^9~13, 15<7)V vf^KIBK^^ff 
10 ife^fe^^h^m^ 

15 ygS^iJtcjsv vc, l^L<(i^i:|i<7)T5y^^ % mmAim A&ft.RofcT/M3 
20 t<^t?&tU5> 5fei#tR5^$tu^v \ 0Bjiri» fck 7tfVK -!7H>, >>x T^y^; 

^^mm^&±i:h-o^tm^^tlX^ ^> (Jing et al, 2000, Glyoobiobgy, 10, 883-889) 0 
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fck 7tfyK =VbV, T7Vfry*tf^/K *YU7\<iyZ)*m,s ^W^l^yJS, 

xmmnax th&&(DtT/U3>m&fmm(mAs)mte=!w hasi, has2 

HAS3, ^^fe^fcT/Vn^a-^^dnHAS)^^^) HAS1, HAS2 £>£tfHAS3, -U 
10 hy*^(DtT/Vn>^^^(gHAS)ji'fei^) HAS1, HAS2 *5j;tf HAS3, 7^6*DtT 

HAS2, T^y*^^/U^5tEcDtT/Vn>^fife^(xHAS)5t'e : F© HAS1, HAS2 
HAS3, /W=U7 A/Vhi^*5^tT/PnV^a-^^(pmHAS)it^. ^hKTTo** 

15 *«DfcT/i-n>^sfe^ (seHAS)jft^?\ ^t^-f/k* PBCV-1 (cvHAS) HAS it 

fcT/un^g^j&gg^ (HAS) iMfc^-iaX HAS1, HAS2 > HAS3 $£*<D#^1^rr.*& 

r<D5^>, i^nl^^/kx*5i5co HAS \ 
20 ilECOtr^D^^^^^-Ki-S DNA Xn(tiV7slsU^^fmm<DTSJWim>ll 

^tt^-r^jKy^^-KSr^-F-t-^ dna Jt^wmimmx^w-itm ^xmmm 

tt#DmXf^A&ftJ.ofcT/^^ DNA Sr 

*wmmi^ vc, ttsfeifi, wf-wm. ^mm. ^^rmm, w&mvm&s&s ^mm 
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XL«^7^Kr P BI121J. r p BI221J N TpBIlOlJ, rpIG121Haxl*ifSr^V>5ri^C§5k, 

0M^^©^<t?feStit«fflJ}&<^J < bbTf±, WLfi, BY-2 jj®B&^ T-13 MJfa, = 

>^V**kurodagosun*fBfl&, :?>V&3k VR VW 3!>>^ir^^tofcPARj« 

■* , PAP*flB&*>PAW*BII& % i&(&rX1-&jkT87m& TXs*7tfX&te Asp-86 «^ Aper 
15 »^>Apas Apfo ftOft. ;^f#fcfS Cba-1 ffiU& Sfer-1 ifSfflR ^y#gJ5fe 1-Mar 

=^=<fy*(*J3fe CPA V208 *BB&^ % tf^W^y?^ SprWT SpH-1 fflift 

Sphl2F HflB& Lcy-1 »-^» LcyD6 JN8flS^> LcyD7 *W&^ % -f^gl* OS-1 *B1J1&, 

VM=^-=.f-Vt7^k Vma-1 =f-VE&* PSB PSW ftBflfr$> PSG » N t-^-^-y? 

ZE3 »«lf btvSo 

f^A^tLj.obT/^>m^^^^^^y-<^K^-Ki-5 dna zmAUtmm 

30 tT/up>-^^c^^^^s^A$ixfc^^^^^S^$-&5{ctt % ZJD^tmm 

&t&S£4ttt± Fujmura 6>(Fujmura 6 (1995) % Rant Tissue Culture Lett, voL2:p74) <D%&&Rl 
35 V ^S^baSf^S,, h^^vT?^ SMto b (SMto £> (1989) N Bio/Technology, wL7;p58L, Goiden 
-Kamm, 1990, Plant Cell 2, 603)(D^^Vv5rWSt?§:5 o S^f-f ! ETfWt» Vaserb 
(VSssbt (1989) „ TneorAppLGeneU vd.78.p589) <D%&&m V >5r£a*T?£5b ^a-?^ Nagata 
fe(Nagata, 1971, Planta 99, 10)©^Sfeir^l/>5ri*^Xft2b 5**45tf-XfT!tt Akamai 
(Akama fe> (1992) , Rant Cell Rep., vol.l2: P 7) cD^fe^ffiV >5TW s T?t5 1 , 
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^ vol w^fcsi*)was©mm 

~C *y^7!7>-^fV^'l'/kX<D 35SRNA jt^-CD^D^e— -efc5 CaMV35S :/p-=e— * 

— ifO/J^^S/h^^/^g^n— r bs itW^n^E— ^^nn^/V a/b 
15 ^v-^Stlr^-KI-S GAB JtfcHWn^- > ^/Wr^X/l^tK 3-y>-@^fc:KP^ — if 

6£/p^~- £bO±, y^v-<5^h--atfeT^> LOXyn^e— W^>-itfe^<D Psl^ 0 

Tii, ta^T^ 6b-fcKn3^— -tafc&P© A6H6H :/p*— *~ :/B/v<X Nv9vWh9X^7 

20 =&-*<d fmt ^^-^-mm-f^rv^ mmm&&'v*~-#—kirax ^p-*^* 

fcto Sus4 jftfe^/p^E— 9— , ^y^Px-r>^r=i— WVit&Tv^-^-*— 3^ 

tT/VP>^^^®^^m^fl^^P^^-T^t-^<^^b^ 

25 ^^y^/l^^Pf^^^^Pi-SW^M^W^P^e—^- -CfcSFRla^ 

^*r^> W&fxSb JHfeUTflfc ^tLTV ^b-^^^^^^t^^P^-^- 
tbTfi, Wm$\ayt—Z7-1 — iZ£m^ft&/\*ttls^hT^7*7~1i<D 27KDa-y-^ 
^yW^/^M^n-K-rS GST-27 »&f;A*E— ^/ (1,2,3) ^T^7V-/W-# 
30 /^^^^^-^/^^^(BTH) (Cj;^^n^^---^(t^-7 0 n^-^— ^ PR 
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■*m* vm* =±m* r^^m* ±m* vb^m* ^^^mw^m^ivbo 

•t^yDU^MtLXiX Nicotiana, Solanum, Datura, Lycopersion, *fei4Petunia{ilJl 
5 tV§b 

jtffyD&ffitD&lkL.XliX Oryza, Horaenum, Secale, Scccharum, Echinochloa, ^fcfiZ 
7^/7-f#COfii^CD0iJi:LXfi s Raphanus, Brassica, Arabidopsis, Wasabia, ^cfiCapsella 

So 

/^^^(D^L-Xte, Qrunus, Malus, Pynus, Fragaria, ^^W^Bt^fe^ 

5>*l, ^e, y>^, ^ ^v^-f^, y^mif^^V^, 

•^^DW^OMtLX^ Glycine, Vigna, Phaseolus, Pisum, Vicia, Arachis, Tnfolium, 
15 Alphalfa, ^ckmedicago{di^5^#j;i W£>*U ^-CX, rc^ 

^y^tt^JOWtL-Tfi, Luffa, Cucurbita, *fe^Cucumis{e:Mi-§ftife*^f kJx, 
tf, -^r, ^>>y N ^n^^^VSb 

Lavandula, Mentha, ^tf4PeriHa(e:S-f-^jg%0^f 5^, 

20 

^-y^^Mi-Stit^(^ili:L.Xf4, Allium, Lflium, ^cf*Tu]ipa^S-t--5lt^d^(f^ #1 

*J£ ^r, ^y, ^-y^j^^riSb 

T*1^©fitifeK^"!ltbT{4, Spinaciat^-t-Sftt^^f btt, #l;lkf, i&WVttgijL 

25 -ty^<Dltfe©^JtLT(4, Angelica, Daucus, Qyptotaenia, ^ciiApihrni^mf-^mm^ 
mifbtl* m%Jt& v^>K, 55^, -feny^S^^t^Sb 

^V^t^f4#|CD^Ji:L-C(i, IpamoeaJOlt^tllWf bft, Mxfcf, I^^W^fctfSS 

30 ^-efeSc 

35 DNA X«(ii)tT^o>^-^^©T$y^i^iJ{^}3V vC, l^<teWkm<DT^/m^X^ 
»^<^A^ixJ.otT/vn>^^i4^i-57Ky^^K^-K-rs DNA 5: 

ttiv>m&fmm%&mt%mmmM%)te* ^r^^m^-^^k^-v-t^ dna 
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^Q^<f^A&ftJlol:T/^ DNA tr^tf 

mazwm, tmmt**%im.xmm?&<D$m&!m&hz> 0 wmwD&mxxrM: 
35 i/mfe<DmA<Dmm®>5 0 ^mmm3<m^x ^m^fmommmmi: 

40 JBofeSHFi^ JfiSlH^f/i<*^iC.-iBb*v <ttaft4M&mT7fc&, 
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z*;i&*!}v>ffi i4~i8 fr?&>m&mtej&u tr^u>m&fmmmmz.&m-z£-b 

^^V^xtT/Uu^mfrfmmg&fr (cvHAS) £ PCR fCfc9Pft1--5fc&^ PCR Z^7 
30 -fV— Srf^KLfc. yy-f-^-iX I£fc38feWOfeo-tV ^^nl^^U^yi^ia^iJif^ (Kutish. 
etal, 1996, Virology, 223, 303-317) (Li eta], 1995, Virology, 212, 134-150) Oietal, 1997, Virology, 
237, 360-377) (Lu et si, 1995, Virology, 206, 339-352) (Luetal, 1996, Virology, 216, 102-123) *5 
XXJ^\^^U^^T/Uu>m^jm&^<DmmmL (Graves et al,1999, virology, 257, 
15-23) (DeAngeKsetal, 1997, Science, 278, 1800-1803) &&%£UXW%tU ^ 

NdeI§Pfe> 3'«7°9-r^-(-f4XbaIg|5f4:?r^PL^ 

5' - GCC GCC GCATAT GGGTAA AAATATAAT GATAAT GGTTTGG - 3' 

xm??^- ®^ij#-§-4) 

40 5' - CTTGCAGTC TAG ATC ACA CAG ACT GAG CATTGG TAG -3' 
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PCR (Dt$m<MX VuXSyW^ CVHI1 CVKA1 W<7Xf/2» DNAOS^^ 

PCRf^DNA^T— &ZKOD- P lv®-mm)%m\,\94C 2^(94^ 15#,40°C 
30£K68t l^)2if-T^K (94°C 15^60^ 30£K68t 1#)251W/W&CJ?7W7 
5 AT^to^ #kftfcP<^^>t^pHuescr^tII^ 

m pBS) <DNdeIi:XbaI Mif^ALfe, mXiSttfmK*. is-9=Z<*h-\Z£0 CVHI1 ^ft 
*tT^a>^-^^t^- cvHAS-HI (SEW^l) *ifctf CVKA1 tt&3fc77Uo>i££-/& 
l^ti&&iP cvHAS-KA(ga?iJ##2) tf> DNA gE^zfetUt, 
10 2. cvHASW^Ii^-e^^iUttffi 

cvHAS-HI cvHAS-KA ^Ttf^i^ JM109 £ 3TCT^Ii^^Lfc}#^£§rTO£U 
500mL^P ^7^(31 50mL CO LB mM(02%?/Ux>- ^£TKn/\:°i/Vyfr£&)b 500 m L 
CDSH^r^PU 20^^ 72 BlfffligmVfc* cvHAS ©Bm^^fc^^^ntVl^;*-- 0 - 

15 ^£^1tffr£rlI]l|2U 30mlO/^7r--(20mMhy^»^(pH7.5) > 0.2MNaCU ImM 
EDTA ImM-^^TCr^^^lmM 2-^/V^^T>^y^V(2-ME)Sr^tp)-C»Lfci# > 
^U-^^V^fe^^^rWbfCo fi^^^iL^f (12,00Qipm % 20^)U £?«tf>_h?i 
3^'L^||t(xlO0,OOOg, l&fffi) -t&Lbiay cvHAS ffiU 200/zKZW^ 

20 3. cvHAS^ttSU^ 

±mmx*£m&titc cvhas aatf&^v vctr/i^vm* invito t^j&u -^cds/s^z) 

fcT/Vn>^^afj^5^^T^n>^^^?g.|4^-f ^Lfq, In vitro fcTVUo 
>m&1&liX lOOmM (pH7.0) , 4QmMMgC12, OSmMECTA 20mM2-ME, 0.1% 

BSA 2mMUDP-GlcA 2mM UDP-GlcNAc, 20% glycerol *5£T>* 10fil(D HAS tttt#&£^ 

25 ^* 5o M i iT^mut^m: 3Fcx*2&m, 4vm&£u< 20 B#r^ (o/n)®^-^ 

30 tT/i^n^TV-K^j^ fcT/vn>^^>/-v5'^^v ^^Ws^-^MfcT/V 

35 ^-Ti&ft 450am, Mfllfcft 620nm T®^£#J^(A450)-t-3^<y^ iJ-^/WfcT/l' 

A450) &fflV ^TfcT/VD>^^^^b, *l-CtT^n>«^CHAM (ng'mD) tbTf^c 
40 Uco 
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5 BX100ngtel-^AX50jul^-1000 = Cn©^^ 

tT/Wn^O^^firefcS (GlcA-GlcNAc) tf>^*f * 398.35 "CfeS^T?, (GlcA-GlcNAc) 
a <Dfrf-M!t$ 398.5Xn-18X(ja-l)-^i-^S-e^5©x\ 
n=10<D#3\ (GkA-GlcNAc) loO^Ste 
10 398.8X10-18X(lOl) =3821.5 Da b&ti&tVb* 

fl£oT, -=e^ti^g»^^T7^n>^}^(9^^tLfc: GfcA GD#^f3: 
C-^3821.5Xn n=10)X1000=D pmol 

ttto^O^^®^«BSA=£TO^^/^iLT^V\ Bio-Rad protein assay 
15 reagent (/"W5~/K) ^m^Ud^m^lX^y^mtLX^MLt^ 

tf s l^fcfc»3i^f&LfcfcT/^^ 

f£<£ W^S^bfc^f^ft^OtT/Vn^^-^^ttW^ spHAS mUt* ?u\^ ' 
MAsX CVKA1 *S5l^tT/VP^^^^$^tF^^I^!^S^bfc^|gS5l5 
©fcT/Vnv^j&l^tttti^ cvHAS-KA i^U 2@OS«^?ofc©tWM: 
25 cvHAS-KAl cvHAS-KA2 £«Ut> ^V^^/kx CVHI1 %£&$&>l:T;Uul^t£-J$M 

m^t^^-^mm^uc^mm^^T^u^^^^^m^ cvhas-ht t 

«U 2|H]^>H : aSr : fTofcCD-e-?:ive^cvHAS-HIl *5«fct^cvHAS-HI2i^L^o 

HAS »<DS^ft« s mm 2000-4886, Itano, N.andEimata, K (1996) J. BioL Chem., 
271, 9875-9878, Tlapak-Sinunons,V. Let aL,(l999) J. BioL Chem., 274, 4246-4253 miZ$m£fl 

30 ttmmmx'&z. 
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A450(Ave) 


AA450 


HAjSJg(ng/ml) 


HAj®j£(pmol-GlcA) 


£(mg/ml) 


HA5St£(pmo)/mg-"protein/h) 


Mock 


2B#fS5 


0.035 














0.059 










spHAS 


mm 


0.062 


0.027 


14.2 


5,312 


3.12 


851 


mm 


0.122 


0.063 


33.2 


12,395 


993 


cvHAS-KA1 


2&m 


0.045 


0.010 


5.3 


1,967 


2.31 


426 




0.090 


0.031 


16.3 


6,099 


660 


O/N 


0.231 


0.172 


90.5 


33,841 


732 


cvHAS-KA2 


29$ fS] 


0.045 


0.010 


5.3 


1.967 


2.07 


475 


4B#Rg 


0.080 


0.021 


11.1 


4.132 


499 


O/N 


0.232 


0.173 


91.1 


34,038 


822 


cvHAS-HH 


2B#m 


0.094 


0.059 


31.1 


11.608 


1.86 


3,120 


4^PJ1 


0.150 


0.091 


47.9 


17,904 


2.406 


O/N 


0.117 


0.058 


30.5 


11.411 


1.534 


cvHAS-HI2 


28*18] 


0.057 


0.022 


11.6 


4,328 


1.72 


1.258 


4^r B i 


0.106 


0.047 


24.7 


9,247 


1.344 


O/N 


0.271 


0.212 


111.6 


41,711 


1,213 



5 ftfa 

4. cvhas mzmms^z—aytm 

±133. Xiimv HAS mmrHmUt cvHAS-HI t cvHAS-KA ^ts^y^Y DNA £i£§y 
thX, PCR \^m\Wmm-J\&ttMJZ. PCRy^-{-*—£m^ ^X cvHAS-HI t cvHAS-KA 
10 SWt&tf *IUt> PCR y*7^-^-lX pBS ±<m$N~mvmMM& Dral £##n£ 

# sad ^tmm^^-tvxmvt^ 

®E^iJ#-^5)5' - GTGTGGAATTTAAAG CGGATAACAATTTCACAC 

AGG-3' 

15 3 ' ftiJ^M^— (g^lJ#-^6) 5' - GGG CGAATT GGA GOT CCA CCG CGG - 3' 

^ W$MW&$3fr<V$~. pBI12l(Jeflferson et aL, 1987, EMBO J, 6, 3901-3907)^ 
cvHAS <m MX pBI121 %$Wmm Smal t Sad xmtU ^At"S cvHAS f»gg|p!f 
Dral t Sad XimtU ^^—i^vm^m^ Smal t Dral mmmtb^m^bti^ 

20 Sk±J$, cvHAS-HI &£ir pBI121 ^y^V ( P BI121cvHI) t cvHAS-KA ^rtf P BI121 -fy 
( P BI121cvKA) frYmxZfc, 

5. ^?Yv^~i^^iAf^Y±/UDi1^ 

nii^nzKu — >3^M^/Hr/Hi % Wyi>A I^44M(Agrdbacterium 
tume&dens strain LBA4404)^—=in=.—^r 5mL <D LB i&i&tcfot^U 28°CT* 1 
25 Ufc„ C©jg»£ N 500mL <D LB ^li«U 600 nm {CfcttSii^ 0.5 ^5^1? 28 <C 
XWmmU-c* igm&&M>b5M (5000 rpm, lOmin, 4 < t)}^t^«Lr±»^*U 
SrSte^fSfc* 500 mL (Dj^7k^Dx.T»L, S^L^it (5000 rpm, 10mm, 4°C) te^W 
A^LTi^teLfCo Z.(DW(Pk 2 Hll^MLfc^ ttRlJl 20 mL (DmPUtMM lOJfe^J 
tP-«MtKU ji'Lv^m (5000 rpm, 10 min, 4 t) l^<^^T±^&5feLfco 
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ttJKc 3 mL (D^PLfc^ 10%^lH?n— s\^mktox.XWffiU 40 n L T o 1.5mL 3»*MjF 

6. 7^W»A LBA4404*W) P BI121cvHI t pBI121cvKA OMX 
pBI121cvHI t pBI121cvKA 79*$.h* DNA SrHMU 7^^f»A LBA4404 

5 (Agrobacterium tumefaciens strain LBA4404) ^o^t^hcrcKl. — ^MJUfc^ALfco 

Atumefeciens LBA4404 O^U^pjJV-- i^^M^xHj-ffljJS 40 m 1 }^^7^$K (200 m 
g/ml) 1 n 1 £^U3»^ fc^^JK^T-?^^^^!^ Eglt 1mm (D^r^yHLmX 
U '-s/^tttaSkV, 25 M ^ 200Q)$rPp*nL/c o ii[t,(e:SOC500Ml^Px, 28°C}-T3^ 
*g*Lfc^ *-^^»^-ti> LB 7^-h%MzmfcU 2tfCT*3 0 PsUtSU pBI121cvHI t 
10 pBlmcvKASr^tpTi/nx^y^A^f^ 

7. P BI121cvHI t pBI121cvKA 7^W LBA4404tt(Ct^^=ijg#» 
(BY-2)©^ 

^®^?^^i§^P3J3a{4, NiajtiaratabacumL. <v Bright Yellow 2 (BIT* BY-2 t^fri: 
^fc^ NagataetaL, 1981, Mol Gen Genet, 184, 161-165) ^MU^^^^Bf^KDi^^X 
15 Nagata bCC^fe (NagataetaL, 1981, Mol Gen Genet, 184,161-165) \ I^CLansmaierand 
Skoog) tffife (T insmaier and Skoog, 1965, Physiol Plant, 18, 100-127) ^(D KH2P04 §r 370n^U 
thiamine HQ lmg/L (ClfftU $&>^^&S 3%<E> sucrose &&XJffldl®B&BE 02 mg/L CD 2, 

?s<=im^Mti&CDMmmi±, AnCD;*fi£(An, 1985, Plant PhysioL 79, 568-570) fC 

20 t£ofco 50mg/L Sr^tf 5mL <D LB i§ife-T? 28 c CfcT 1 ffl&mUt pBIL21cvHI *3 

«ttJ?pBimwKA^tj^tl^ttOT^P/^y^^^ 100ML<bs 4 0 gcD^^rtg 

T?u;^])?A$$%<.tc^ isv—U<D*P<Dimm: 50mL ^frffq^LT. ^Ci^H^Y 
*>V lOOmg/L ^V-<=^y^ 250mg/L £^tr&^ LS« 20mL^P^.T> il>k(1000rpm,4 
25 #)U ±it&BfcSUfco lS*>t^ *fU >gfe& LS 25mL fcMvt3g& (1000rpm,4#) U Iffl 

100mg/U iJA^s^AJ^ 250mg/L ©Aofc3fe3g LS SgS^ififC.^ 25trCfitmT(-MUT 
ig*Wco It) 2-3 jiP^(^/^bLfc«^fLV v^V— MO^U t^SLTV >3r 
ilf^bfco McWtZ^ io-T^^x/y lOCmg/U ^/^^v-y^250mgO J ^*nx.fc^LS^ 

30 30mL \mu mi-mm&rt^ 

8. ^IfMST^ cvHAS (D&MteZXM iti 

3^LSWT*7 0 mtmVtc BY-2MmWm ISOmL ^L^(1000rpm, 20 #)*T 
V \ KaiStittatC^iib^ 30ml' (20mMLWs-HClpH7.5, 0.2MNaCL, ImM 

EDTA, ImM benzamidine 5o£T$ lOmM 2ME Sr^tp) izMMU y^^zAy^kZXK^Ut^ 
35 3&^t^^(12,000rpm, 20#)U £6^©±»S^<L^(xlO0,0O0g, lB#Ha)1-3 
Z.b\Z£0 cvHAS ^tfflg®#£tttt!U 300 jn 1 ✓ %C?T— (20mM Tris-Ha P H7.5, 0.2M NaCl, 
ImM EDTA ImM benzamidine teiXJ- 10mM 2ME£r^)Ti?$$?U cvHAS ^HMtUc^ 

9. it«»dS^L.fcfc:T/l-o>^©^* 

40 $ILfd#i& cvHAS &tH?&fc\fct^T/VDr^— - &X*tmUZ cvHAS »ffi7j££/BV ^ cvHAS- 
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hi t cvhas-ka t^mtmm^ftmzfflfeuti, m&&Mutm)m, m&miz. 

150mMNaCL3r^tf lOQmMy^V^T— (pH5.3)(e: lOOmgtaL ©St"?^, cvHAS 
ttaj»acsstniu 3rC-e4B#^T^r^-hU/c„ ^^J^^^/l^ 90fiC(CC 3 ^P^Pfi 
5 fc % ^^gKl^OOOipm, 10 #)U fcT/Vn>^O^ac±?t^v^ hT^n>m>^m% 

^2{£}3V vC ^l^^/kx CVKAlttS^tT/Vn^^^^^^t^^— 
^^SC^Lfc BY-2 **Df">^/PSr cvHAS-KA i^U 200^^ \ 
cvHAS-KAl :}bW cvHAS-KA2 t^Lfc, ^al^^VX CVHI1 ttft*DtT/Vn>^-^ 
10 *itfeT-Sr^tt-<^-{rJ;^@^Lfc BY-2 ^D^ffV^ cvHAS-HI iMU m<DK 
\ cvHAS-HIl $5£Tf cvHAS-HE fcSUto fcTA-DV^TV-Ktfc^j 



15 

^2 jmmmm?7juuym<D%M 





A450 


t7;UP>^gJt(ngVnl) I 




cvHAS-HIl 


0.824 


2,035 [ 


cvHASHE 


0.672 


1,655 


cvHAS-KAl 


0.654 


1,610 


cvHAS-KA2 


0.903 


2,233 


cvHASffitti^ 


cvHAS-HIl 


0.332 


805 


cvHAS-HI2 


0.300 


725 


cvHAS-KAl 


0.285 


688 


cvHAS-KA2 


0.357 


868 




cvHAS-HIl 


0.013 




cvHAS-HI2 


0.013 




cvHAS-KAl 


0.010 




cvHAS-KA2 


0.010 




t7)Un>m&$>#-F) (Ong/rnD 


0.010 




tT)lQ>MU$>?— K)(lOQnffM> 


0.042 




tT;UP>^(X^^T— K) (200n^m]) 


0.080 




t7;UP>^(X£>#-K)(500iigfrJ) 


0.187 





20 mitt&trf>j:?\c, tth^^7^<Dmmmt^T/iv>M**mLx^ ^Ltt>mm& 



io. immmm cvhas <mmm 
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mmmm^^Mmtc cvhas mmtm^ ^xr^sm: in vitro -t^u 

^4>©tT/>n>^^^^t-5^^T/l^i^^^^^fWL^ In vitro fcT/V 

100mMTris-HClpH7.0, 40mMMgC12, O^mMEGTA, 20mM2- 
mercaptoethanol, 0.1% BSA, 2mMUDP-GlcA, 2mMUDP-GlcNAc x 20% glycerol *ifctf 10/z 

5 1 © has so M i izmmjtmm: 3rc-e o, 2 B#wsj6s*fc. 

soon: 3 araag&u Kf&sr^T$-fcfc„ Bom&m>m, ±m^r^^m>wmz.m^ * 

fc, fcT/Vn>^^^>'/^^^5t7- / v 0> ^ CD j|ij^ a4N ^^^^^^^ 

M£*-)«rJfft\fc. HASttmM<^^-^«^{4BSA^2ft?^/^^bTfflV\ Bio-Kad 
protein assay reagent^ UJry-yF) iz£QM%.UZo ^<^|t^3|cjj*i- 0 

10 

S3 fitfeiM«fejg cvHAS <D?gte$iJ£ 



cvhas-hii 




A450(Ave) 
0.332 


AA450 
0.143 


HA35jS(ng/m1) 
358 


HAjSSE(prool-GlcA) 
133,829 


£>v<£g(mR/ml) 
24.2 


HAS%^(pfnol/mg-protein/h) 
2,765 




0.475 


cvHas-hi2 


oi$[E] 


0.300 


0.103 


258 


96.447 


14.8 


3,258 


2l$f51 


0.403 


cvHAS-KA1 


0f§fffl 


0.285 


0.190 


475 


177.567 


32.8 


Z707 


2^f3 


0.475 


cvHAS-KA5 


O&BJJ 


0.357 


0.128 


315 


117,755 


25.0 


2,355 


2bmw 


0.483 



m\tt&irvbm^ mmmmmx°£m&tvfc. cvhas \x cvhas-hi, cvhas-ka a^ct 
11. B^^^y^m&m^^uttr^o>m^^m^<D^m 

#^^Ml0Chn^:}3£^^ LS igife4>-C 10 0 mm 

20 U^®^ BY-2 (DMimmm 150mL ^L^S(1000ipm, 20 U Jb^©igiIii£[H]lfc 
LfCo i^^PS^^UamicanYM-lOX ^4^1(3^jfLfc^ 2f^S©^y— /i^jfe 

yxym^m^ lSOmMNaClfc^fr 100mMy>^»M4)H5.3){^?Lfc^>mm** 

25 tr^D=y— fe*(siGMA)^^43!jpx, ftn^^ 2ku/mi izx vrcvtT^u^— t? K 
jz&Mtevfc* -^rmmmmiK wazx 20 ^mamu mszwjkut. mm* 

m>L<LXtm>tlfc±m* HPLC iZ±Z>ft%f\Z.mJ-c* HPLC It, m^m- Tawada ^cD^ 
(Tawada et aL, 2002, Glycobiobgy, 12, 421-426) fc^V \ T$S%?J>> WC-Pack NH2(4.6mmx 
15cm)&JEV\ 1*-V^>V50m1£: 50°C{CC SSt ImlfaiinTiJfEL, NaH2P04 
30 ^^h^ffl(20-»500mM, 30 #)lc£9, *E$m* UVfelOnnOT^tULfc. Elf* _B£©fr& 
W^OhT/i-P=^-^M^O HPLC <D«fe|l£^-t- 0 m^mteimm&KtehTyisV- 
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BY-2 ^^^aS^tbfcM^^ii5^*OtT^n>^S^t^TV >SrfcSS^tl^ 0 
5 12. pBI121cvmipBimcvKA^tfT^Wy^ALM4404tt{iJ:^^O^ 

a**:, i5gffl^nm> mm^M^^/vi^Ei , aosw&m^ 1991 *a ic&ofc. 

^> 50mg(L Sr^tf 5mL <D LB igi&T* 28fC('T 1 gfct&^Uc: P BI121cvHI fefctf 

p bii21cvka ttthzti^Ty&<^v?j*<Dt&mi\^ wmwmjfc&'<a<o\)>-y*?4?# 

10 Sr3^mbfc^^fLhT^^^r^5feU MSCMurashigeandSkoog)*!^ 

(Murashige and Skoog, 1962, Physiol Plant, 15, 473) Id 3% T&O-—?^ B5 bf<?5>\ lmg/L^O" 
it/vy^/TT^ 1ing/L~r7#u>$m$ZXfi 0.3% ^XffA&aRWU P H5.7 WWKUfcafls 
«ffl!K3WlU 28°C^T2 B H»l MfLt «$^c!J-7^j^^7KT*3lHlSfe^U 

15 (250mgL>^tP^<t^±tfi{C^gU 2^C(CT 16 ^3^^T^/^<^^fPSfUbo ff 

(lOOmgl^tJ^^r^ 3%^n-^, B5f^S:^ 

*fcfctf<X3%$*7>#^ pH5.7)^U 2£ClCT 16 ffi*l#T^MlL]t 251110$ 

20 fatxfc. 

13. T^K^^^O^LfcfcT/Vn^^feB 

±^©T^^y^(cJ;^^Ti§fetufc67-^©?i?K^^'^0» lOOmg £ 2ml^ 
T'fdSU 200m 1 O^TT- (20mMTtis-HapH7.5, 0.2MNad, lmMEDTA :*3j;tF 
10mM2ME S^tf)S5t)B*.t!B8»U 400mg ©S^Ua^Thf— XGfiM 2mm)^nx./Co If— 

25 ^(^fm Bs-i2)^ v nt, ^—7&Mkmmm-r&ikiz£9, *s<=w>m£fflMimjt 

(2,500rpm, 5 #) 0 ffe#«^«^kUl5,000ipn^ 10 #X ±fcflS^ttl^UT|eW5a-fc. ft 

mock<pBI121 TJ^(^Ufc?^<3)(C*fefflV NTI^^femS^ffV \ JtJROf-^/VtUXi 
30 cvHAS JBWQfc^-fci©^ cvHAS-KA Ol^'lVCNb^JcfitT/l^^^S^^til^tufe 

fee 
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^4 MWfe^^<D^UttT^ulJ®(DfeM. 
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A450 


t77UP>i£tJt(rigM) 


cvHAS-m3,No.l 


0.062 


0 


cvHAS-HI3, No.2 


0.054 


0 


TTAO TTTO \t <-» 

cvHAS"HI3, No.3 


0.054 


0 


cvHAS-Hr3,No.4 


0.052 


0 


cvHAS-KAl, No.l 


0.083 


0 


cvHAS-KAl, No.2 


0.780 


4211 


Mock 


0.068 


0 


Wild 


0.057 


0 


tT)\,U^m*&sV— K)(0ngto0 


0.055 




fc7^n>^(X$>$f— K)(20ngfmD 


0.090 




tT;bP>|gU£>$f— K) (50ng/m]) 


0.254 




fc7VUP:/i£(*$>$f-K) (lOOng/ml) 


0.337 




fcT^UP^U*^— K) (200ngM) 


0.566 




t7;ixD>®U^^f— K)(500ngM) 


0.840 





i4. Mmm?^iasiirz> cvhas <Di&my$m 

RNASrttfctlL-f^ b—^BNAoMHiiX RNeasyPIantMiiiiKit(QIAGEN)^V \ WHoxf 

v\<=t—Mz.ifcot^ mti^x^ia$mvtd§mz%) ioom g ©^#u ^M^-m 

^-^^(cfi^Lfeo iftfeH^ 1% 2mercaptoethanol Sr^tf Buffer RFT 450 u 1 }C5^#fflJlS 
&»»U ^/l^s/^ari^— T-^Lfc C©$$?&gr QIAshredder *fcV#^WU ii'k 

mWzh-^JV RNA Sr^ibT, RT-PCR^ftofCo 1st strand cDNA fi, ReverTra Ace - 
15 a- \ $sft-<7X/Ph=t— MZ$& \ ±&(D lfig <D\*~$^ RNA 33 ±T>* random 
prima- ^b-^Lfc, 1st strand cDNA %8mtUt PCR {4, DNA Jj^T— iffC KOD Dash DNA 
polymerase(K#)^)§:fflV\ (95°C 30^\59t 2#.74 < C 30#)30lW/WSJ^n;/7A 

v ^fc 0 ni2f4, rt-pcr ©s«(^T^fn-xm^?*sio^^»r„ cvhas mwm^^<o 

20 5*>» tT/Vo^^^gCO^febtufc cvHAS-KA (Dly-fX^oJ2)^<D^ ^^^(DWWM 
m^YtmmtSi^ cvHAS it^C^^^^tlfc, 
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5 js»»t5m (2)^K^^Lx^tLfc^s^^^wi-5xm, (3) 

^jk&vvc mxtem^r^i^^ mm. mmLKim^sfoR-DtT^u^mfr 
jmrnrm-zw^^h^-y-t-z, dna ^tp^mffl»t-<^-^v ^mmm 

20 5. Mffl*t^-^ (DGOtT^O^-^^^^K-rSDNAX^GOfcT 
25 lESt^m, 

30 8. ©tT/l-n>^j^^^=i— Hi-5DNAX(4(fi)tT/H3>^^^(DT5y^B 

^jfoswc, imxamm<DT5ym^^ mm, mm\A\my^^<^rji^m^ 

jffiSM&t- 8«Wi«b-W 5 DNA ^tf^m^i^^fflv ^-CRI#I» 

9. (0 fc7>H3>m^S^Sr=i~ Kf 5 dna xtt 00 tT/WDy^-^^oT^SSB 
35 m^&V vf, lfL<i«i07^5^ m #*P^U(tffA^tlB.otT/l-n>^ 
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io. mmmk w^mo. wt-mn, ^mmRx^^nm^mA^mi-m^ vf 

10 13. 3eaffltt»*.^^^-^ (D(0tT/Vn>^fig^Sc3-Kt-5DNAXtt(i0tT 
(^A^J.otT/va^^^^^f-^^y^K^-K-t-S DNA RVNsSmfcftR 

14 Okt/wp>8^88B(HP=— DNA Xit (fi) tT/vn>^-^^^T5y^gB 

20 15. fflfcT/Vny^£g$^£=>- H^5DNAXttGDtT>VPV^^^©r5y^S 

mm&^-t^j^-zf^Y^-Y-r^ dna ^tsmmimx'<??-*m\< ^$mm: 

25 16. tT/l-n>^^ig^^5#)tlti^ft^id^%i^fcr/Vn^^^^^^ % 
ft^8XWl4^|S^C^®^t«fflJa 

i7. ^r/^>m^^^tmmm^x\m^^^T^^m^^^mx^. 
1^*19-13, 15^V ^^^-i^^^i^^xfi^ti^^ms^^t-^^xf^ 

30 18. tT/Vn>^^^^nl^^l^S5feT/>czVg^^^-I?fo5 N ft^Xg8X 
{4l4{C|^©^K^fi«EBja 

i3. i5ov ^;h^£i3ic<^ffiis^ 

35 20. ft*«8X«14^|^<^^^^#^KV^(ift^9~13,15(DV^-ftu6^^: 



WO 2005/012529 



PCT/JP2004/OJ1306 



l/l 

F i g. 1 



Oh 



0 o o o o o 

o V « oi «! o 



1h 



o o o 



- — mm ei 



2h 



p o «_» 



a> oi 



24h 



JUL 



Hyaluronidase 



^^^^^^ 



Fig. 2 

cvHAS-HI 
-HI -KA 
wild 1 2 3 4 1 2 mock 



1880bp 
1490bp 




WO 2005/012529 PCT/JP2004/01 1306 

1/5 

SEQUENCE LISTING 

<110> TOYOBO RESEARCH CENTER CO., LTD. 

<120> Hyaluronic Acid Synthase 

<130> P04-78 

<150> JP2003-204896 
<151> 2003-07-31 

<150> JP2004-89135 
<151> 2004-03-25 

<160> 6 

<170> Patentln version 3. 1 

<210> 1 
<211> 1707 
<212> DNA 

<213> Chlorella virus 
<400> 1 

atgggtaaaa atataatcat aatggtttcg tggtacacca tcataacttc aaatctaatc 60 
gcggttggag gagcctctct aatcttggct ccagcaatta ctgggtatat tctacattgg 120 
aatattgctc tctcgacaat ctggggagta tcagcttatg gtattttcgt ttttggtttt 180 
ttccttgcac aagttttatt ttcagaactg aacaggaaac gtcttcgcaa gtggatttct 240 
ctcagaccta agggttggaa tgatgtccgt ttggctgtga tcattgctgg ataccgcgaa 300 
gatccctata tgttccaaaa gtgtctcgag tcagtgcgtg actctgacta cggtaacgtt 360 
gctcgtctca tttgtgttat tgacggcgat gacgacgctg atatgaagat gtccgatgtt 420 
tacaagacga tctacaacga taatatcaag aagcccgagt ttgtcttgtg tgagtcagac 480 
gacaaggaag gtgaacgcat cgactctgat ttctctcgcg acatttgtgt tctccagcct 540 
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caccgtggca agagggagtg tctctatact 
gtcaacgccg tcgttttgat tgacagcgat 
gttgtatacc cacttgcatg cgatcctgag 
tggaacacag acactctttt gagtcttctc 
gtggagagga gtgcccagtc ttttttcagg 
gcctacaaga ttgatatcat taaggagatt 
ggtcagaagt gtacttacgg tgacgaccgc 
aaaaaggttg tgttcactcc atttgctgtt 
cgatacatcg ttcagcagac ccgctggagt 
ctcttcgccg cgtggaagca cggtttgtct 
caaattacat acttcttcct cgtgatttac 
cctcgctccc agacagccac agtgattgtg 
tatttttcat tccgagccaa ggatattcgg 
tactttttct gtatgattcc ggccagggtt 
tggggtactc gcggtggaaa cgagaagcct 
aagcaatatc tcattgcata tatgtggtgg 
atcgtccata actggatgtt cgattggaat 
atttgttctt acattgtttt tattactatt 
acgacttgga atttcacgaa gcttcagaag 
gcatctacca atgctcagtc tgtgtga 
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ggtttccaac ttgcaaagat ggaccccagt 600 

actgttctcg agaaggatgc tattctggaa 660 

atccaagccg tcgcaggtga gtgtaagatt 720 

gtcgcttggc ggtactattc tgcgttttgt 780 

actgttcagt gcgttggggg cccgctgggt 840 

aaggacccct ggatttccca gcgctttctt 900 

cggctaacca acgagatctt gatgcgtggt 960 

ggttggtctg acagtccgac caatgtgttt 1020 

aagtcgtggt gccgcgaaat ttggtacacc 1080 

ggaatttggc tggcctttga atgtttgtat 1140 

ctcttttctc gcctagccgt tgaggccgac 1200 

agcaccacgg ttgcattgat taagtgtggg 1260 

gctttttact ttgtgcttta tacatttgtt 1320 

actgcaatga tgacgctttg ggacattggc 1380 

tccgttggca cccgggtcgc tctgtgggca 1440 

gccgcggttg ttggcgctgg agtttacagc 1500 

tctctttctt atcgttttgc tttggttggt 1560 

gtgctggtga tttatttcac cggcaaaatt 1620 

gagctaatcg aggatcgtgt tctgtacgat 1680 

1707 



<210> 2 
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<211> 1707 
<212> DNA 

<213> Chlorella virus 
<400> 2 

atgggtaaaa atataatcat aatggtttcg tggtacacca tcataacttc aaatctaatc 60 

gcggttggag gagcctctct aatcttggct ccagcaatta ctggatatat tctacattgg 120 

aatattgctc tctcgacaat ctggggagta tcagcttatg gtattttcgt ttttggtttt 180 

ttccttgcac aagttttatt ttcagaactg aacaggaaac gtcttcgcaa atggatttct 240 

ctcagaccta agggttggaa tgatgtccgt ttggctgtga tcattgctgg ataccgcgaa 300 

gatccctata tgttccaaaa gtgtctcgag tcagtgcgtg actctgacta cggtaacgtt 360 

gctcgtctca tttgtgttat tgacggcgat gacgacgctg atatgaagat gtccgatgtt 420 

tacaagacga tctacaacga taatatcaag aagcccgagt ttgtcttgtg tgagtcagac 480 

gacaaggaag gtgaacgcat cgactctgat ttctctcgcg acatttgtgt tctccagcct 540 

caccgtggca agagggagtg tctctatact ggtttccaac ttgcaaagat ggaccccagt 600 

gtcaacgccg tcgttttgat tgacagcgat actgttctcg agaaggatgc tattctggaa 660 

gttgtatacc cacttgcatg cgatcctgag atccaagccg tcgcaggtga gtgtaagatt 720 

tggaacacag acactctttt gagtcttctc gtcgcttggc ggtactattc tgcgttttgt 780 

gtggagagga gtgcccagtc ttttttcagg actgttcagt gcgttggggg cccgctgggt 840 

gcctacaaga ttgatatcat taaggagatt aaggacccct ggatttccca gcgctttctt 900 

ggtcagaagt gtacttacgg tgacgaccgc cggctaacca acgagatctt gatgcgtggt 960 

aaaaaggttg tgttcactcc atttgctgtt ggttggtctg acagtccgac caatgtgttt 1020 

cgatacatcg ttcagcagac ccgctggagt aagtcgtggt gccgcgaaat ttggtacacc 1080 

ctctttgccg cgtggaagca cggtttgtct ggaatttggc tggcctttga atgtttgtat 1140 
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caaattacat acttcttcct cgtgatttac ctcttttctc gcctagccgt tgaagccgac 1200 

cctcgctccc agacagccac agtgattgtg agcaccacgg ttgcattgat taagtgtggg 1260 

tatttttcat tccgagccaa ggatattcgg gctttttact ttgtgcttta tacatttgtt 1320 

tactttttct gtatgattcc ggccagggtt actgcaatga tgacgctttg ggacattggc 1380 

tggggtactc gcggtggaaa cgagaagcct tccgttggca cccgggtcgc tctgtgggca 1440 

aagcaatatc tcattgcata tatgtggtgg gccgcggttg ttggcgctgg agtttacagc 1500 

atcgtccata actggatgtt cgattggaat tctctttctt atcgttttgc tttggttggt 1560 

atttgttctt acattgtttt tattactatt gtgctggtga tttatttcac cggcaaaatt 1620 

acgacttgga atttcacgaa gcttcagaag gagctaatcg aggatcgtgt tctgtacgat 1680 

gcatctacca atgctcagtc tgtgtga 1707 

<210> 3 

<211> 40 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 

<400> 3 

gccgccgcat atgggtaaaa atataatcat aatggtttcg 40 

<210> 4 

<211> 36 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 



WO 2005/01 2529 PCT/JP2004/01 1306 

5/5 

<400> 4 

cttgcagtct agatcacaca gactgagcat tggtag 36 



<210> 5 

<211> 36 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 

<400> 5 

gtgtggaatt taaagcggat aacaatttca cacagg 36 



<210> 6 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer 



<400> 6 

gggcgaattg gagctccacc gcgg 



24 
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